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The Technical Education of the Mechanical Engineer.-  
Amongst the requirements of knowledge by the mechanical engineer, 
under which title is meant he who should undertake the direction of 
mechanical construction, not the least important is that  he should be 
thoroughly informed in the capability of the handicraft of the work- 
man. The knowledge of the physical properties of bodies, the 
mathematical propositions of "app l i ed  mechanics," the principles 
and theory of machinery, the construction, form and adaptation o f  
parts in various machines themselves, with the functions they accom- 
plish, can be acquired, to a great  degree, by s tudy;  but the capabili- 
ties of the manipulations of the workshop or work bench will yet  
remain a mystery,  to be unraveled mainly by experience and obser- 

vation. 
In a general sense in the history of mankind, the question of edu- 

cation, or its methods, is not a new one. Each generation, for itself, 
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must be taught and must learn, precisely what was learned by the 
preceding one; and the race in life of the young man will have com- 
menced just when that of his father did. Possibly, sometimes a 
small increment of knowledge has been gained, and civilization, in 
its strict meaning of aggregation of people in cities, has taught some 
one generation lessons in social demands or developments. Educa- 
tion will have followed, and through a series of generations the 
children will have commenced at a new standpoint, and a new pro- 
gress in the arts and sciences has been attained. In the arts, this 
education of the artisan has generally been traditional--from father 
to son--from master to apprentice; and when, by turbulence and 
war, the pease-loving and comfortable citizen has been despoiled of 
his luxuries and comforts, by tho~e who have not known enough to 
create them for themselves; the unrecorded knowledge has been, for 
a time, lost; to be acquired again, "under protection of sword/' 
Frequently, the conquerors have protected and employed the work- 
met:, in more or less enslaved conditions ; but, with the absence or 
uncertainty of a free reward, the arts have languished, and have 
almost, if not entirely, perished--carrying with the loss, the civiliza- 
tion which origimdly engendered them, and extending the ruin to 
the victors themselves. A more stable condition of society, where 
the soldier has not been the ruler, has, in modern times, guarded and 
fostered the arts and all derived learning; and the last three or 
four centuries, whose record we have, or are acquiring, has shown 
a development and growth of the arts and sciences~ in unexampled 
rapidity and magnitude. 

The past hundred years alone have witnessed, as seen in the 
amazing retrospect, the wonderful substitution of machinery for han- 
d ic ra f t -o f  mechanical performance for skilled labor. This has 
occurred progressively, in the three generations of human life and 
work which embrace the century, in a kind of geometrical progres. 
aion for any successive divisions of this period of time. 

The apprentice of one hundred years since, acquired by experience 
the teachings of his master, but applied his labor not wholly to the 
production of the finished article of trade, but in part to the produe. 
tion of machines which were substituted for his hand tools and hand 
labor. The grown workman, who was fifteen years later the person. 
ator of supposed apprentice, imparted his traditions and acquirements 
to a new apprentice, who, by the introduction of machiaery~ was no 
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longer called upon to exercise all the skill, care or thought, that his 
teacher had been called to employ, because the machine had supple- 
mented his tools ; another succession and another followed, each time 
has the machine gained on hand labor, until now the ability of t~c 
mechanic consists more in the use of the machine than of ttm 
hand. With this progress of mechanism has followed manufacturing, 
and much of the teaching of the later mechanics has become in the 
use of s I ecial machines, confined to distinct processes, to the nearly 
complete neglect of handicraf~ or artisan skill. Manufactories and 
machin'es have called into existence a new class of skilled w,wk[nen, 
who shall have learned how to make available, and possess the ability 
to bring into novel or repeated practice, the acquisitions in mechan- 
ical skill of all kinds; and these men are our mechanical engineers. 

The distinguished men in the field of mechanical engineering o f  
to.day, have grown into lhese positions. The most of their el~.men-~ 
tary learning has been derived in the workshop, and from the work- 
man, by the traditional method, and their education has been attained~ 
in the experience of failure and success which attends new efforts. 
The more work a man does, the more mistakes he will make; long: 
years of practice have evolved types of machines, each detail o f  
which, is an especial result from the labor and intelligence of individ- 
ual mechanics, and the knowledge of the accomplishment or its 
methods, yet unrecorded or described, exists only in some directing 
mind whose capability to apply them constitutes the engineering fac- 
ulty. The patent records, old and new, cover a small, very small 
part of the mechanical development of the century, so small that it 
can almost be said, with truth, that no valuable machine, process or 
apparatus now is, or ever has been covered by any valid or strictly 
equitable patent claim--so small that these records are never read 
either as the total of history, or as a complete exposition of any one 
appliance in mechanism. Descriptive literature is equally at fault 
in the completeness and practical application of the knowledge 
which has been gathered in its pages, so that there remains as the 
only reliable basis of action by the mechanical engineer, only his 
appredati¢m of the capabilities of materials, both as materials and in 
manipulation ; the latter being either performed by the workman or 
by the "macMnetool ."  

It is easy to see how this knowledg~ has been acquired by t h e  
present holders of it, but it is obvious that the same path is not opexi. 
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to their successors. The large workshops and manufactories have 
divided labor, in following out their legitimate end of profitable pro- 
duction, until the mechanic in their employment has become the 
" operative" or overseer of the operations of a machine, with the 
least of manual or intelligent effort lef t  to humanity. This opera- 
rive can scarcely be called a workman, and it is very sure that 
nothing except the possession o[ the highest mechanical ability will 
allow him to become an engineer, even if chance gives him an op- 
portunity to develop the ability ; and at all events it is sure that the 
mechanical engineer of the future who shall rival foreign and other 
competitors in accomplishments, will have learned in another school. 
:Not only is the operath, e of the special machine thus debarred from 
:attainment of knowledge, but the workman in the machine shops, 
:at the smiths' fires, in the pattern room, or tile foundry, all in their 
.constancy of labor at their divided branches of industry, are pre- 
,eluded from acquiring general knowledge. Possibly the foreman of 
a gang of men, or the draughtsman in the office wherein the work is 

originated, may have the desirable opportunity to witness labor and 
accomplishment, but the derivation of foremen and of draughtsmen 
is ceasing to be from the ranks of the operative workman. 

Given the educational basis which is now recognized as needful for a 
civil or mechanical engineer, how is the young man to become a fore- 
man or a draughtsman, in the completion of his course of instruction ? 
Given the ability or executive direction which causes a young man to 
be selected from out of the group of working operatives to ,~ct as fore- 
man; or the mechanical perception which has elevated the youth from 
the bench to the office desk, how is he to acquire the knowledge of 
books requisite for him to become a directing engineer .9 These are 
the questions to be answered. 

There are those who lay great stress upon the value of the old in- 
stitution of apprenticeship, the return to which is in some way to be 
supposed to restore the capability of acquirement of engineering 

i knowledge to the present generation, on a footing similar to that pos- 
sessed by former ones. This view has been advocated very recently 
to such effect, that a special act of the Pennsylvania legislature was 
passed at the last session (of 1876), offering extraordinary legal safe- 
guards, and immunities from responsibility, unknown to the old common 
laws to manufacturers employing apprentices. I f  these apprentices 
shall be really taught as of old in the entire art and mystery of their 
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several occupations, in all that the master knows, shall be cared for, 
bodily and mentally and above all morally, during their apprenticeship, 
so that when they become journeymen, they will (if they have been 
diligent youths)be fitted to become masters themselves--not mere 
laborers--then this law may bear the promise of satisfactory return. 
But when the obligations of equitable apprenticeship upon the masters, 
here asserted are admitted, it appears almost certain that the results of 
this apprentice act, will scarcely fill the expectations of some of its 
advocates and friends. 

In every grade of workshop in England, and especially in the 
engineers' shops (as the machine shops are there denominated), as 
well as in the offices of the civil engineers, student apprentices or 
articled pupils are employed. With regard to the former of these, 
there are many reasons why a similar practice has not been and will 
not be followed in this country. The first of these reasons is the 
comparative absence in England of that destructive rivalry in mechan- 
ical business which exists in America. The rates for labor, and the 
estimated value of the mineral in that country, have been so low, and 
the application of machinery so much in advance, (at least until recent 
years of the century) that England has led the world for a market. 
The established product of an English workshop, has at all times 
possessed what might be called a good ~ill. Few of them will pur- 
posely rival, in the same way, another in the production of what is 
the regular manufacture of the one, and but the exceptional demand 
upon the other ; and purchasers are yet more chary in the acccptanoe 
of work from inexperienced makers. A m~tn can be generous who 
has an abundance ; he can be just, where he is sure of just dealing in 
return. :Perhaps the condition of abundance has more relevance to 
the subject under discussion than that of justice. Not many Amer- 
ican manufacturers would accept educated, clear headed, intel!igent 
young men as student apprentices, to learn from their workmen, their 
machines and their processes, the art and mystery of their business. 
Beside this the condition of the student apprentices amongst the 
workman in one of our shops, may be regarded as too anomalous to 
the habits of the average American workman or foreman, to be sup- 
posable in actuality. Ti~e second method for obtaining practical 
experience--that of the articled pupil--suffices in the office of' the 
engineer, but is far from satisfactory as the method to learn the value 
of ~he workshop manipulations to the p~pil. In this country, at this 
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tiff)e, there are no ,'trticled pupils, and even students in engineers' 
offices are rarely to be found. 

Nt'ither a return to the system of apprentices and masters, nor the 
adopti~)n of the method of pupilage in an office, presents the least 
prosp¢~ct of affording the educ,~tion of the business engineer in the 
future. 

Tim simple question follows, why should not a boy be taught 
practical mechanics in the school ? and this question carries with it 
its own reply. There is no reason why constructive mechanism should 
not go hand in hand with applied (m~tthem~tic~l) mechanics, or why 
manipulation should not be taught at the same time with the proper- 
ties of materials in the lessons of the scho~)l. In accordance with these 
views, within the p~Lst few years, several of our American colleges have 
establisht, d classes and professorships in corljunction with ~heir courses 
in teclH~ic,~l le~rning. .A_mongst these, the Sheffield School at Yale 
(]olleg~,, New Haven, Conn. ; the Cornell University at Utica, N.Y. ; 
tho St ew*ns Institute at Hoboken, N. J. ; the Free Institute at Worces- 
ter, M~ss., are prombmnt examples. Other technical schools have, in 
different degrees, p~lrsued the h~ndicraf~ culture of their scholars. 

But in thoroughness of teaching, and especially in exhibition of 
attained success, there is now presented to the admiration of all me- 
chanics, at the Centenni~tl Exhibition, a special example from a foreign 
land, which should induce emulation. The exhibit m~de by the 
Imperial Technical Schools of St. Petersburg and ~oscow, demon- 
str~tes the feasibility of so educating pupils, theft when they p~ss out 
from the doors of their school, they will have become at once scholars 
in their learning from books, and proficients as educated workmen in 
the varied branches of the workshop. These young men on leaving 
college are quite as able to demand work as journeymen, as the average 
of mechanics when out of their time, for they will have--must have-- 
per,%rm,~'d by unaided effort, such fe~ts in workmanship, within lim- 
ited tlrnes for accomplishment, as r~one but skilled workmen can do. 
The demonstration of the Russi,~n schools is, that this practical 
instruction can be given in the fullest range and quality, not only 
without interfering with, but positively to the advancement of, other 
indispensable professional studies. From such an ex',~mple there 
shouht not be the least hesitancy in following the same course in the 
technical education of the American mechanical engineer. 
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Dry  D o c k , - - F o r  many years the commerce of Philadelphia has 
felt the great want of proper facilities for docking large vessels for 
repairs, there being no private docks except two small floating ones, 
quite too small to accommodate vessels engaged in our foreign trade. 

The floating dock at the old navy yard was sometimes allowed to 
be used for merchant vessels, but the formalities and uncertainties 
attending its use, the remoteness from ship yards and shops made its 
use expensive and unsatisfactory. 

To meet this want Messrs. Win. Cramp & Sons determined to con- 
8truct at their ship yard on the Delawar% at the foot of Hanover 
Street, a stationary Dry Dock of sufficient size to take in the largest 
vessels that enter this port. 

The water of the river at this point being fresh, there is no danger 
to a wooden structure from the teredo or shipworm, and therefore, in 
order to reduce the first cost it was determined to construct it en- 

tirely of wood. The plan adopted was that invented by Mr. J. E. 
Simpson, who was also the constructor. 

The dimensions are as follows: length from head to gate, when in 
position, 430 feet ; length of keel blocks, 420 feet ; width at bottom 
amidships, 45 feet;  width at top amidships, 111 feet; width at gate, 
70 teet; depth, 26 feet; depth below high tide, 23 feet. 

After making the necessary excavations the foundation was formed 
by driving 12-inch iron-shod oak piles about 10 feet into the disin- 
tegrated gneiss rock which underlies that locality. These piles are 
placed about 4 feet apart in both directions, over the entire bottom, 
except along the centre under the keel blocks, where there are four 
touching each other in each row. To the top of the piles are fastened 
1-°-inch timbers running across the width, and on these is laid the floor 
of 8-inch plank. 

To form the sloping sides, piles were driven perpendicularly, in 
rows corresponding to those in the bottom, and cut off to a line con- 
forming to the proper inclination. On the top of the piles were 
secured timbers running longitudinally, and to these were framed an4 
fastened other timbers running down the slope, and fastened at the 
foot to the bottom timbers. To these sloping timbers were fastened the 
planking of the sides, consisting of timbers, the cross section of which 
is a right angle triangle, with one of the acute angles cut away for a 
few inches, and so placed as to %rm steps of about eight inches rise 
and the same tread. Several rows of sheet piling were driven 
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across under the dock to prevent the w.kter from the river finding 
its way underneath, and tending to float it. 

The gate is an iron boat of sufficient length and depth to fill the 
gate~ay.  The keel, stem and stern post project evenly about six 
inches, and are made to fit in grooves in the bottom and sides of 
the gateway. These grooves are lined on their inner sides with 
rubber, so that ~hcn the pressure comes against the gate a water- 
tight joint is formed. 

The gate has tanks to be filled with water to sink it to its position, 
and is provided Mth pumps to exhaust them, and also valves to admit 
water to the dock when it is to be filled. 

The dock is now in daily use and will prove to be a great advantago 
to the shipping interests of the city. 

Removal of the Obstruction at Hell  Gate.--Common report] 
anticit:ates the e~pIosion ~hieh is to destroy the piers in the mine at 
Hell Gate channel as of probable occurrence on the 5th of September 
ensuing, and there seems to be a general expectation that the event 
will be a startling one. :But unless some error is made in the esti- 
n~ation of the power of the explosive agents, the chanees are that it 
will prove one of the mo~t quiet and tame transactions ever witnessed 
~here the resulting effect will not have been commensurate to but one- 
tenth or one-twentieth of the present anticipated one in mugnitude.~ 
As an engineering exploit the success will be measured in some con- 
siderable part by the absence of violent disturbanee. I f  the destruc- 
tion of the piers and the decadence of the shell of rock now covering 
the excavated ruins, could be as quietly performed before the spec- 
tators on the shore and out of the water, as an eclipse of the moonl 
s to persons inside of a closed up room, the success of the operation 

would be undoubted. :It is especially desirable that the debris should 
not be removed from its present locality, but simply deposited on the 
floor of the present excavations, fi'om whence it can be removed with- 
out interrupting navigation. Unless some enthusiastic spectator 
fires a Chinese cracker, the Quaker meeting of removing the obstruc- 
tion is likely to pass off in relative quietness, and the disturbance of 
water, except the escape of a volume of gas for a moment, will, in all 
i~robebility, be less marked than that which occurs at Hell Gate 
at any half tide from the meeting of the currents. 


